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INTERACTIVE PROBABILITY BASED 
EXPERT SYSTEM FOR DIAGNOSIS OF 
PACEMAKER RELATED CARDIAC 

PROBLEMS 

BACKGROUND OF THE INVENTION 
A. Field of Invention 
This invention pertains to a system and method of pro 

viding diagnosis for cardiac problems of a patient based on 
a statistical data base. said problems being generally related 
to'the operation of an implantable cardiac device (ICD) for 
said patient. The term ICD. or pacemaker is used inter 
changeably herein to designate pacemakers as well as 
implantable de?brillators and similar devices used for 
brady-or tachycardiac therapy and/or de?brillation. 

B. Description of the Prior Art 
Cardiac pacemakers have become complex over the 

recent years. with more and more features, such as modes of 
operations, lead choices, adaptive rate pacing. and mode 
switching for atrial tachycardias. As a result, typical dual 
chamber. dual sensor pacemakers presently in use are very 
complex. requiring more than 40 programmable parameters 
to be set (either automatically or by a physician) prior to 
operation. If a pacemaker is not programmed optimally for 
a patient’s condition. and/or the patient’s condition changes 
over time. a fairly natural occurrence, it is often di?icult to 
diagnose the resulting symptoms as either pathological, or 
due to inappropriate pacemaker operation. Additionally. 
component failure. while extremely rare, may also result in 
patient symptoms which are di?icult to diagnose. Thus the 
task of diagnosing problems of patients with pacemakers, 
whether pacemaker related or pathological, is difficult. 
requiring extensive specialized training and adds to the cost 
of providing pacemakers and health care to the patient. 

Several solutions have been attempted in the past, in 
which an expert system was utilized to diagnose cardiac 
problems. The most common approach 11 these systems was 
to automatically interpret electrocardiograms. See Olson, W. 
H., McConnell. M. V., Sah R. L. Expert System and Dia 
gram for Troubleshooting Dual Chamber Pacemakers, 
Computers in Cardiology, IEEE Computer Society Press, 
1985:53-58; Mark. R. G., Patil. R., Moody,G. An Expert 
System to Improve Arrythmia Detector Performance in 
Noise, Journal of Cardiology. 1988 Supplement. S117; US. 
Pat. No. 4.825,869 to Sasmor. However. this approach does 
not take into consideration patient symptoms, which, in the 
inventors opinions. provide important diagnostic clues 
which may help solve the problem being addressed. For 
example. the Olson reference uses electrocardiograms with 
pacemaker generated timing diagrams for indicating atrial 
and ventricular timing problems. However this system may 
be used only with a dedicated pacemaker having the capa 
bility to generate the aforementioned timing diagrams. 
Moreover. the system is unable to diagnose common prob 
lem such as loss of capture, under-sensing and over-sensing 
of cardiac activity. 
The Sasmor reference provides an overall diagnostic 

scheme making use of physiological signals such as atrial 
and ventricular intracardiac electrograms. surface electro 
cardiograms and timing diagrams, event interpretation. 
However. this system also fails to take into consideration 
patient symptoms and rules are heuristic and ad hoc. re?ect 
ing a particular clinician’s bias. 

Therefore. generally. most prior systems incorporate 
merely electrocardiograms interpretation schemes and not a 
complete diagnosis and fail to take avail themselves of 
patient symptoms. 
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2 
OBJECTIVES AND ADVANTAGES OF THE 

PRESENT INVENTION 

In view of the above-mentioned disadvantages of the prior 
art. it is an objective of the present invention to provide an 
expert system containing statistical data related to cardiac 
problems and pacemaker/electrode or other cardiac etiolo 
gies which are associated with these problems instead of ad 
hoc heuristics. 

A further objective is to provide an expert system with 
means for developing rules based on said data. said rules 
being used to provide diagnosis for a patient responsive to 
the patient’s symptoms and other information. 
A further objective is to provide a system which is ?exible 

so that it can adapt automatically to new data, and to 
generate new rules based on said data. 

A further objective is to provide an expert system which 
can be incorporated into a pacemaker programmer to result 
in a fast and accurate analysis of a pacemaker operation 
during follow-up visits. 

Yet another objective is to provide a device which may be 
used as a teaching tool for a physician to learn about various 
cause/effect relationships affecting cardiac patients. 
A further objective is to provide a device which is user 

friendly and easy to use. 

Yet another objective is to provide a device which is 
interactive and is not strictly clinician-oriented, nor is it 
completely automatic. Purely automatic diagnostic devices 
are disadvantageous in that it cannot accommodate patient 
symptoms or clinical observations. Purely clinical systems 
are undesirable because they are prone to human errors and 
are time consuming. 

Other objectives and advantages of the invention shall 
become apparent from the following description. Brie?y. an 
expert system constructed in accordance with this invention 
consists of memory means used to store a set of rules. and, 
optionally, an extensive data base descriptive of statistical 
data obtained over extended time period about cardiac 
patients, including various problems. or complication suf 
fered by the patients, and symptoms associated with each 
complication. The system further includes means for gen 
erating said rules from the data base, using. for example. 
well known statistical analyses tools such as Bayes theorem. 
Although the system may be provided as an independent 
unit, it is expected that typically. the system is incorporated 
into a pacemaker programmer. 
When a patient goes for a visit and complains of a 

problem. the clinician collects the patient speci?c informa 
tion and accesses the diagnostic system if the patient com 
plains of a problem or if the clinician observes something 
wrong. In response to prompts from the system. the physi 
cian enters symptoms he observes. and/or are reported by the 
patient. The system incorporates a pre-setable probability 
threshold indicative of the con?dence level of the diagnosis. 
Based on the symptoms. the system generates either a 
positive diagnosis for the problem. based on the rules 
developed as set forth above. or if none of the probable 
causes related to the particular problem has a su?iciently 
high probability to become a positive prognosis, then a list 
of probable causes is generated. Optionally. the system 
further generates a list of additional symptoms frequently 
associated with the most likely problem so far and provides 
advice as to possible action that may be taken to alleviate or 
eliminate the problem 

Over time. new data developed associating problems with 
symptoms. and this data is also fed into the system and used 
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to update and maintain the current data base. At regular 
intervals, or on demand, the rules are recalculated to incor 
porate the new data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a programmer incorpo 
rating an expert system constructed in accordance with this 
invention; and 

FIG. 2 shows a ?ow chart of the subject system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows an apparatus for diagnosing a cardiac 
patient, said apparatus being incorporated into a pacemaker 
programmer 10. The programmer 10 includes a micropro 
cessor 12 communicating with a keypad 14. a display 16, 
and a programming wand 18. The programmer 10 is con 
structed and arranged to initiate and to change the program 
ming of an implanted pacemaker or other implanted cardiac 
device (not shown) used to provide therapy to the patient 
through wand 18. Various programs for this purpose as well 
as associated data is stored in a ?rst memory 20. These 
programmers are available, for example, from Telectronics 
Pacing Systems. Inc. of Englewood Colo., as the series 9600 
and 9602 Network Programmer. 

Irnportantly, the programmer 10 is modi?ed to further 
includes a second memory 22 containing a set of diagnostic 
rules. These diagnostic rules are used by the programmer to 
provide to the physician a prognosis of the patient based on 
the symptoms noted by the physician as well as data 
collected by the programmer from the patient Details of this 
operation are set forth in the ?ow chart of FIG. 2. In step 
100, the physician initiates a diagnostic subroutine. This step 
may be performed, for example, by providing a menu for the 
physician on display 16, and prompting the physician to 
chose a particular key of keypad 14. 

Memory 20 is used to store various patient speci?c 
infonnation which has been either entered by the physician 
earlier for the initialization or other functions associated 
with the pacemaker, or has been downloaded or otherwise 
derived from the pacemaker itself. This information may 
include the patient’s age, sex, physical condition, lead 
impedance, sensing and pacing threshold levels, histograms 
of recent cardiac episodes, indications for pacing, pace 
maker manufacturer, date of pacemaker and lead 
implantation, lead type, current programming parameters 
etc. by the microprocessor 12. This information is retrieved 
in step 102. 

Next, in step 104, the physician enters various symptoms 
or complications associated with the patient. Again, this may 
be accomplished by listing on display 16 a plurality of 
various symptoms normally associated with cardiac patients, 
and then prompting the physicians to select the symptoms 
which are applicable to the patient from the displayed list. 
Some of these symptoms and the associated etiologies are 
listed below. 

PROBABILITY 
SYMPTOMS-Co; ETIOLOGlES-Cai P (CaiICOj) 

Atrial Flutter Underlying Rhythm 0.77 
Change 

" Inappropriate Mode 0.16 
Pro 
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4 
-continued 

PROBABILITY 
SYMPTOMS-Co, EI‘IOLOGIES~Caj P (Ca;CO,-) 

Shortness of Breath Inappropriate Mode 0.16 
Pro 

" Inappropriate Mode 0.14 
Pro 

“ Inappropriate Rate 0.11 
Response Parameter 
Pro 

" Underlying Rhythm 0.11 
Change 

" Inappropriate Maxi- 0.05 
mum Tracking Rate 
Pro 

Pace Failure No Stimuli Conductor Fracture 0.30 
" Pulse generator 0.11 

Failure 
" Oversensing 0.13 
" Back-up Mode 0.09 
" Back-up Mode 0.09 
" Battery Depletion 0.07 

In step 106 the microprocessor 12 accesses the diagnostic 
rules stored in memory 22 related to the data obtained in 
steps 102 and 104. These rules may be expressed for 
example as a set of ' If 0 then B‘ statements where O is a 
particular symptom, and B is a possible etiology for symp 
tom 0. Associated with each statement there is also a 
statistical probability value P (CoICa) indicative for that 
statement. A set of symptoms, C0,, and a plurality of 
etiologies, Caj associated with each symptom C0,, and the 
corresponding probabilities P (Cal-lCoj ) are shown in the 
following table. The data from this table was developed 
using information derived from a number of patients having 
a total of 2093 problems over some nine years. 

This data may be stored in memory 22 in the form of 
look-up table, as a spread sheet data or in other formats. 

In step 106, the microprocessor 102 retrieves all the 
entries for the particular symptoms selected by the physi 
man. 

In step 108 the number of symptoms selected is checked. 
If only a single symptom has been selected than in step 110 
all the potential causes which could have resulted in that one 
symptom are ordered by their probability P(CalCo). In the 
following step 112 a check is performed to determine if 
highest P(CalCo) is larger than a preselected threshold value 
K. Preferably K is in the range of 60% to 80% and may be 
preset by the physician. This check provides a measure of 
con?dence in the prognosis derived by the system. If this 
probability exceeds the constant K, then in step 116, the 
microprocessor 12 shows on display a message identifying 
the most probable cause leading to the selected symptom. In 
addition, in step 116 a message is displayed of possible 
therapy. 

If in step 112 the largest probability is smaller than 
constant K, then in step 118 a message is displayed indi 
cating that there was insu?icient information to make a 
conclusive prognosis. Optionally, in step 120 the cause 
having the highest probability is displayed followed by the 
additional causes which may have led to the be associated 
from the symptom. It also lists other con?rming symptoms 
with the most likely cause. This approach at least provides 
the physicians with some indication as to what other symp 
toms should be investigated. 

If in step 108 it is determined that several symptoms have 
been selected then in step 122 measuring values are calcu 
lated for each cause and associated N symptom, using the 
formula: 
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M [CtZlCOlJ _ _ _ N]=M[C¢71lC01,2 _ _ _ N-i]+(1_M[Cai|c0l,2, - - - 

N-1)*P[Ca,-lCaN] 

As more and more complications are analyzed and 
installed into the data base the probabilities of a cause 
increases to 100%. For two symptoms. 

This expression is calculated for each two symptoms and 
used to calculate the generalized measure M. This number is 
then used instead of probability P in steps 112-120. 
Of course, before the system can work. the rules stored in 

memory 22 and utilized by the ?ow chart of FIG. 2 must be 
generated. For this purpose, ?rst a large amount of data is 
collected. correlated and analyzed. Much of this data is 
available for clinical studies. See Par-sonnet, V; Neglia, D; 
Bernstein. A. D. The frequency of pacemaker-system 
problems, etiologies and corrective interventions; PACE 
1992; 152510; Dyszliewicz W.; Sarnowski. W. Zerbe,F. Et al 
Early complications after pacemaker implantation.‘ A review 
of 1080 cases; PACE 1993;16:1138. Statistical data is 
derived from this raw information de?ning a plurality of 
probabilities(CoICa,~), i.e.. the probability that a symptom or 
complication Co has been caused by an etiology Ca,- where 
is index assigned to each etiology resulting in symptom Co. 
In addition. a probability P ( Ca,- ) for each etiology Ca, is 
also tabulated from the database. After these probabilities 
have been calculated, the posteriori probabilities P(Ca,-|Co) 
is readily calculated from the Bayes Theorem. More 
particularly, the probability that a particular symptom has 
been caused by an etiology Ca,- is given by : 

Where N is the total number of etiologies which can cause 
the symptom Co. The rules thus calculated can be derived 
either in the programmer. or externally by a general purpose 
computer and then fed to the memory 22. 
An important feature of the invention is that the program 

mer 10 can be provided with its own data base 24 and an 
inference machine 26. The data base 24 includes statistical 
data collected by others as well as data collected locally by 
a particular physician or group of physicians using a par 
ticular programmer. At regular intervals. for example. once 
a month. or on a continuous basis, the inference machine 26 
is used to review the data in the data base and update the rule 
22 in accordance with the expressions described above. The 
data base may also be updated on regular basis by adding 
additional information derived by third parties, such as 
clinical studies done at a university or other research facility. 
In this manner. the rules in memory 22 are continuously 
updated and re?ned, thereby insuring that the diagnostic 
expert portion of the programmer 10 is current. 
The subject invention has a number of advantages over 

the prior art discussed above. 
(1) The diagnostic expert system is using an expandable 

data base and therefore has learning capabilities. Every 
new diagnostic case is entered into the data base to 
update the rules used by the expert system. Thus the 
system is continuously improving itself. 

(2) The statistical data used to generate the rules is derived 
from actual raw data obtained by clinicians rather than 
by making heuristic rules for diagnostics. A simple 
example is when a diagnosis is con?rmed. The system 
automatically updates the relationships of all the obser 
vations to the con?rmed diagnosis. 

(3) The invention can handle uncertainty in symptoms and 
multiple observations of seemingly unrelated symp 
toms. 
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6 
(4) The diagnostic system is universal in the sense that it 

can be applied to all pacemakers. independently of 
pacemaker manufacturer or model number. and can 
operate on a large number of different sources, includ 
ing patient symptoms. patient speci?c information, 
telemetry data, statistical information based on other 
patients, ECG strips and so on. 

(5) The subject invention is based on an algorithm which 
is neither wholly automated nor is strictly oriented to a 
speci?c clinicians. Therefore personal inclinations or 
bias by clinicians are eliminated. 

(6) Finally. the invention provides an important learning 
tool for the physician since it clearly illustrates to the 
physician the relationships between various causes and 
effects associated with pacemakers and cardiac func 
tions. 

The principles of the invention have been described for a 
pacemaker however. as previously mentioned. they are also 
applicable to other implantable cardiac devices. 

In the embodiment described herein, the various cause/ 
e?ect relationships are classi?ed by statistical probability. 
Other techniques may also be available to achieve the same 
results. One such technique would be to use fuzzy logic 
circuitry wherein the various cause/e?ect relationships and 
fuzzy logic rules are used to select the most appropriate pair. 

Although the invention has been described with reference 
to several particular embodiments. it is to be understood that 
these embodiments are merely illustrative of the application 
of the principles of the invention. Accordingly. the embodi 
ments described in particular should be considered 
exemplary. not limiting, with respect to the following 
claims. 
We claim: 
1. A cardiac diagnostic apparatus for diagnosing a patient 

comprising: 
memory means for storing a set of rules. each rule 

de?ning a predetermined relation for each of a plurality 
of cardiac symptoms of patients with a corresponding 
etiology and a statistical probability relating each of 
said cardiac symptom to one of said corresponding 
etiologies; 

means for receiving data descriptive of a patient’s speci?c 
cardiac symptoms; 

means for identifying rules from said set which are related 
to said speci?c cardiac symptoms; 

means for automatically generating a prognosis for said 
speci?c cardiac symptoms based on said statistical 
probabilities. said prognosis identifying at least one 
etiology having a preselected statistical probability; 
and 

means for displaying said prognosis. 
2. The apparatus of claim 1 wherein said memory means 

includes means for storing a plurality of suggested therapies. 
means for selecting one of said suggested therapies in 
association with said prognosis and means for displaying 
said one suggested therapy. 

3. A programmer for programming a cardiac implant 
device. said programmer comprising: 

?rst memory means for storing information related to 
programming operational parameters of a cardiac 
implant device; 

second memory means for storing a set of diagnostic rules 
relating a predetermined plurality of cardiac symptoms 
of cardiac patients with corresponding etiologies. each 
rule de?ning a predetermined relation for each of a 
plurality of cardiac symptoms of patients with a cor 
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responding etiology and a statistical probability relat 
' ing each of said cardiac symptom to one of said 
corresponding etiologies; 

data input means for inputting patient speci?c data into 
said programmer, including at least one cardiac symp 
tom; 

data communication means for exchanging data with a 
cardiac implant device, said data including program 
ming data from and to said ?rst memory means for 
programming said cardiac implant device; 

processing means for processing the patient speci?c data 
and for automatically generating a prognosis based on 
at least said one cardiac symptoms and said rules to 
generate a prognosis, said prognosis identifying at least 
one etiology based on said at least one symptom and the 
related statistical probability; and 

output means for generating an output indicative of said 
prognosis. 

4. The programmer of claim 3 wherein said data process 
ing means identi?es a plurality of applicable rules, each rule 
including said one symptom, and analyzes the probability of 
each applicable rule to generate said prognosis. 

5. The programmer of claim 3 wherein said output means 
includes display means for displaying said prognosis. 

6. The programmer of claim 3 further comprising third 
memory means for storing a statistical data base and an 
inference machine for deriving said rules from said data 
base. 
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7. The programmer of claim 6 wherein said processing 

means includes means for updating said data base by adding 
to said data base information received from new patients. 

8. The programmer of claim 3 wherein said processing 
means includes comparing means for comparing the prob 
ability associated with a rule to a preset level, wherein said 
prognosis is generated if said probability exceeds said preset 
level. 

9. The programmer of claim 8 wherein said preset level is 
programmable by said programmer. 

10. A method of generating a prognosis for a patient 
having cardiac symptoms, comprising the steps: 

providing a set of rules relating each cardiac symptom 
with a corresponding cardiac etiology, each rule being 
characterized by a corresponding probability derived 
from predetermined statistical information; 

receiving at least one symptom speci?c to a particular 
patient; 

identifying particular rules of said set related with said 
one symptom; 

analyzing the probabilities associated with said particular ‘ 
rules; and 

generating a prognosis based on said analysis to de?ne an 
etiology causing said one symptom. 

11. The method of claim 10 wherein said receiving step 
25 includes receiving several symptoms, and wherein during 

said analysis each rule associated with each symptom is 
analyzed. 


